Lymphokine was tested for fungal growth inhibitory activity against the filamentous fungus Trichophyton mentagrophytes. Human p eriphe ral blood lymphocytes from a donor e xhibiting d e laye d type cutaneous h y persensitivity to a trichophytin skin test were cultured with trichophytin and PHA-P. Culture s upernatants were assayed for lymphokine activity u s ing the lymphotoxin sensitive mouse L-929 a lpha fibrobla st. Lymphocyte activation to PHA-P and trichophytin was confirmed by monitoring :)H-thymidine incorporation. Supernatants from 2-day PHA-P and 6-day trichophytin activated cultures were found to contain potent lymphokine activity. This activity was not diminishe d by the addition of ferric iron sufficient to saturate the contained transferrin. Supernatants from unstimulated control cultures contained no lymphokine activity. Undiluted lymphokine c ontaining supernatants and nonlymphokine containing control supernatants were evaluated for f ungal growth inhibitory activity using a sensitive radiometric growth assay. Iron s upplemented supernatants retaining potent lyxnphokine activity did not inhibit fungal growth. Noniron supplemented s upernatants and fresh m e dium containing serum inhibite d fungal growth. Our data suggest t hat lymphokine active against mammalian cells is not directly antagonistic to the growth of the filamentous fungus T. mentagrophytes but does not exclude the possibility that activated lymphocytes release a chelator s uch as transferrin that can inhibit fungal growth.
from a donor e xhibiting d e laye d type cutaneous h y persensitivity to a trichophytin skin test were cultured with trichophytin and PHA-P. Culture s upernatants were assayed for lymphokine activity u s ing the lymphotoxin sensitive mouse L-929 a lpha fibrobla st. Lymphocyte activation to PHA-P and trichophytin was confirmed by monitoring :)H-thymidine incorporation. Supernatants from 2-day PHA-P and 6-day trichophytin activated cultures were found to contain potent lymphokine activity. This activity was not diminishe d by the addition of ferric iron sufficient to saturate the contained transferrin. Supernatants from unstimulated control cultures contained no lymphokine activity. Undiluted lymphokine c ontaining supernatants and nonlymphokine containing control supernatants were evaluated for f ungal growth inhibitory activity using a sensitive radiometric growth assay. Iron s upplemented supernatants retaining potent lyxnphokine activity did not inhibit fungal growth. Noniron supplemented s upernatants and fresh m e dium containing serum inhibite d fungal growth. Our data suggest t hat lymphokine active against mammalian cells is not directly antagonistic to the growth of the filamentous fungus T. mentagrophytes but does not exclude the possibility that activated lymphocytes release a chelator s uch as transferrin that can inhibit fungal growth.
An acute inflammatory reaction correlates with the limitation of spr ead a nd eventua l hea ling of experimentally induced dermatophyte infections in man [1] a nd guinea pigs [2, 3] . This inflammation is thought to be cell m ediated since a temporal correlation exists between t he appealfance of infla mmation a nd t h e d evelopme nt of delayed type c~ta n eo u s hypersensitivity DR [1] and lymphocyte blastogen esis [3] elicited with trichophytin antigen. Additionally , the presence of DH to trichophyt in was shown to correlate with the infection-fi'ee status of a large group of adult huma n ma les studied for evidence of dermatophytosis [4] . These observations suggest that cell m ediated immunity, CMI, is involved in host defense against dermatophytes. The m ech a nism(s) whereby CM! may m ediate host defense in this insta nce, however , rem ains unknown .
The derm atophytes colonize the dead upper keratinized layers of the epidermis [5] . These layers are essentially extracorpora! and not normally exposed to the internal milieu of t he host. That the cellular components of cuta neously expressed CMI reaction could come in contact with t h e fun gus, much less survive in the environment of the skin surface a nd directly combat fungal growth, is very unlikely.
On the other ha nd lymphokines, t he effector molecules of Manuscript received J anuary 11., 1979 ; accepted for publication Au -~~W N.
. This work was supported by a Brown-Hazen grant for research in mycology.
Reprin t requ ests to: W. M. Artis, Ph.D ., Depar tment of Dermatology, Emory School of Medicine, Room 215, Woodruff Memorial Building, Atlanta, Georgia 30322.
CMI whi ch a re solu ble in body fluids, might be capable of diffusing into the stratum corneum a nd directly inhibiting fungal prolifer ation. A repor t t hat Iymphokine containing supernatants inhibit t h e in vitro growth of t he yeasts Saccharomyces cerevisiae a nd Candida albicans suggests t hat lymphokine can have a direct effect on fun gi [6] .
T his study uses a sensitive radiometric microassay of fungal growth to determine wheth er a Iymphokine, which in hibits t he growth of mouse L-929 fibroblasts, will inhibit the growth of t he filam entous fungus T. mentagrophytes.
MATERIALS AND METHODS

Organism
Trich ophyton m entagrophytes val'. gra nulare (Ame rican Type Culture Collection 18748 Rockville, Md.) was main tained on potat.o dextrose agar. A suspension of microaleu riospores (spores) fo r inoculum purposes was prepared [7] .
Periph eral Blood Ly mp hocytes
Heparinized peri pheral blood was obtained by ve na puncture from a healthy human vo lun teer ex pressing cut.aneous delayed hyper en itivity to a trichophytin antigen skin tesl. T he blood was allowed to sedimen t at 37°C for 2 hr and the plasma laye r was removed. Cells were concentrated by ce ntrifu gation, washed 3 times with Hanks balanced salt solu tion and resuspended in RPMI -1640 tissue cul t.ure medium supplemented with 10% heat inactivated AB positive serum and 4 111M I-glu ta mine. The cell preparation was slowl y ftltered through a nylon wool colu mn (10 cc syrin ge co ntaining 0.8 g of nylon woo\) saturated with supplemented RPMI-1640 and maintained at tissue cul ture conditions. T he colu mn was elu ted 3 times with supplemented medium and the resul ting cell preparation was conce ntrated by centri fugation. This preparation consisted of 98% small round mononucleated cells, that were 95% viable as estimated by the trypan blue dye test.
Lymphocyte Blastogen esis
Lymphocytes, 1 x 10" in 200 ILl of supplemented RPMI-1640, were delivered to wells of a Microtest-II culture plate (Falcon, Oxnard, Ca.). Blastogenesis was elicited with 3 /Lg of phytohemmagglu tinin-P (PHA-P) (Difco, Detroit, Mi.) or 10 /Lg of trichophytin (Letterman Army Insti tute for Research, San Fralicisco, Ca .) per we ll. The plates were incubated at 37°C in an atmosphere adjusted to co ntain 3.5% CO2 at a relative humidity approaching 100%. T he cultures were pulsed 4 hI' before termination with 0.5 /LCi of "H-thymidine, (specific activity 25 /LC ilmmole New England Nuclear, Boston, Mass.). The DNA from each cul ture was precipitated on glass fil ter paper (Reeve Ange l Grade 934AH) fo llowi ng the procedure of Har tz man [8] using a multiple assay sample hal'vester (MASH) (Otto Heller Co., Madison, Wis.). T he recovered filter paper planchets conta ining the precipitated labeled DNA were subjected to liquid scintillation counting.
Lympholline Production
Nylon wool column purified peripheral blood lymphocytes were cultured in tissue cul ture tubes (Falcon 3033). Each tube co nta ined 3 X 10'; cells in 2.0 ml of supplemented RPMI-1640. Trichophyti n (100 /Lg) or PHA-P (30/Lg) in 100 /Ll of medium was prepared an d added to the appropriate cul tures. Control cul tures received ]00 /Ll of medium. Triplicate cultures we re incubated at 37°C in an atmosphere adj usted to co nta in 3.5% CO2 at a relative humidi ty approaching 100%. At 24 hI' intervals stimulated and unstimulated contro l cultures were removed from the incubator and centrifu ged at 150 g for 10 min. The supernatant. fluids from replicate cultures were carefully harvest.ed with a pasteur pipet, pooled and stored at -20°C.
Lymp h ohin e T arget Cells
Lymphotoxin sensitive mouse a lpha L-929 cells were obta ined from Dr. G. A. Granger (Scripps Clinic and Resear ch Found ation, La J olla, Ca.). The cells were maintained on suppl emented RPMI-1640 a nd passed every 4 days. Cells obta ined from 4-day-o ld main te na nce cultures were used in a ll Iymphokine assays.
Lymphohine Assay
T he method for Iymphokin e assay was an adapta ti on from the Iy mphotoxin assay of Williams a nd Granger [9] . Two-fold seria l dilutio ns of each Iymphokin e supernata nt we re prepared in suppl emented RPMI-1640. Each test dilu tion was then add ed in a volume of 100 III to replicate microtiter wells co nta ining 3 x 10" mouse a lpha L-929 target fibroblasts in 100 ILL of supplemented RPMI-1640. Where indicated 1 ILg of ferri c iJ'o n co nta ined in 10 ILl of ferric amm onium citrate solu tion was add ed. After 48 hr of incubati on at tissue culture conditions, 165 ILl of medium was wi thdrawn from the test well and replaced with 165
ILl of PBS conta ining 0.01 % trypsin and 10-" M EoTA. Afte r 3 min the conte nts of t he well were tri turated a nd the cells enumerated in a hemocyto meter. T he resul ts are re J~o r te d as the perce nt of growth inhibi tion based on growth in nonsupernata nt-containing suppl emented medium.
Lymphohine A n tifu.ngal A ssay
The effect of Iymphokin e on the growth of T . mentagrophytes was estimated visua lly a nd measured with a se nsitive auto ma ted radiometric microgrowth assay. The radi ometri c assay co rrelates fun gal growth with the in corporation of "'C (prov ided as "' C (IL) glu cose) into accumul ating trichl oroaceti c ac id insoluble ma teri al [10, 11] . The radiometri c assay was adapted for this study as follows. The glu cose con tent of each lymphokine superna ta nt was measured and adjusted so that it conta ined the same amoun t of glu cose as th e fresh suppl emented HPMI-1640. T his adjustment is necessary to assure th at the fin a l i oto pic specifi c activity a fte r the addi tion of '<l C (IL) glu cose is the sa me in each superna tant.
T wo hundred microli te r aliquots of each supernatant were pipeted in to micro tite r wells. In to each well was pipeted 10 fLl of "'C (fL) glu cose solution (0.1O fL C i., 4.06 mCi/mmole, New England Nuclear) and wh ere indica ted 1 fLg ferric iJ'on conta ined in 10 fLl of ferri c a mmonium citra te solu tion. Each well was in oculated wi th 1 x 10" spores of T. m entagro· p hy tes in a 10 fLl vo lume.
Afte r 36 hr the fun ga l co nte nt of each well was coll ec ted on fil ter paper (G rade 934 AH , Reeve Ange l) and washed 10 times with 300 fLl vo lumes of distilled water, 10 times wi th 300 fL l vo lumes of 5% trichloroacetic acid and 10 times with 300 fLl vo lumes of a bsolu te meth ano l usin g a mul tiple automated sampl e harvester. Fil te r paper pla nchets co ntaining the washed fun gus were subj ected to liquid sc in tillation co un tin g to deter mine the a moun t of fun ga l growth.
RESULTS
Lymphocyte R eactivity
P urifie d periphe ral blood lymphocytes wer e o bta ined from a huma n donor wit h do cume n ted acquired immunity to infecti on wit h T. m entagrophytes a nd who respond ed to a trichophytin skin test wi t h a s tro ng cu tane ous d elayed hyper sensitivity r eaction . These cells we re test ed for the ij' capac ity to under go a blastoge nic respo nse to PHA-P a nd trichophytin and we re used to pro duce Iy mphokine. Bl as toge nesis was monjtored by the incorpora tion of "H-thy midine (Ta ble I). The response to trichophytin increased through th e 7th a nd las t d ay of culture, Th ese resul ts es t.a blis h th e T -cell mitoge n PHA-P and fungal a n t ige n reactiv ity of t h e d o no r ly mphocytes used for ge nerating )y mphokine.
Lymphohine A ctivity
Lymphokine activity wa s assayed by m o ni toring the capac ity to inhibit the growt h o fl y mphot oxin sens itive L -929 fibrobl asts. Th e Figure d e mons tra tes t ha t the s upern a ta n ts from d ay 2 P HA-P a nd d ay 6 tric ho phy tin-stimulated ly mphocy te cultures co n tain poten t a cti vity. The ac tivity of these s upernatants d ecr eased linearl y wi t h dilu tio n . An earl y (day 2) trichoph y tins timulated cu\tUJ'e supe rnatan t ha d mu ch less lymphokine a ct iv ity whi ch was not diminis h e d by dilu t io n . M a ximum inhibi-Vol. 74, No.3
TA BL E 1. The incOIpora.tion 0 ('1 H -thymidine by hu.m.an p eriphera.l blood lymphocytes selected for the prepamtion of lymphohine after stim.u.lation with PHA -P or trich ophy tin" " 1 x 10" ny lon wool column purified lymphocytes were cultured in 200 JlI volumes and harvested with a MASH on the indicated day after ini tiation of the cul ture.
/> Each va lu e is the mean of 6 replicate cul tures plus or minus the standa rd deviation. NO mea ns not determined. Lymphokine activity of supernatan ts tested for antifungal ac tivi ty. Lymphokine was assayed by the ca pac ity to inhibit the growt h of Iymphotoxin sensitive mouse L-929 fibroblasts. E ac h p oint is the mea n of 4 replica te assays each of which va ri es no more t.ha n 5% from the mea n. t ion of L-929 fibroblas t growth (74% with t h e day 2 PHA-P and 85% with the day 6 tric hophytin s uperna tants ) o ccurred a t a 1: 2 dilution . The Iy mphokine ac tivity o f control s uperna tants (uns timulated) n ever exceed e d 10%.
Antimycotic A ctivity of Lymphohine
Lymphokine containing supern a ta nts wer e t ested for their capacity to inhibi t the growth of' T . mentag rophy tes. B e fore assaying for a ntimycotic activi ty, ferric iJ'on (1 Jlg / ml of supernatant) was added to saturate the iron binding capacity of the tra nsferrin in the m edium since iron unsatUl'ate d transferrin will inhibit the growth of T . mentag rophytes [12] . Fungal growth in undilute d nonl ymphokine containing control super-
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natants was no t visually differen t from fun gal growth in undiluted s uperna ta nts (day 2 PHA -P a nd day 6 t richophytin ) wit h d e monstrated lymphokine activ ity. These visual observations w e r e confirmed using a sensitive radiometric fungal growth a s s a y (Ta ble II). The incorpora tion of I"C into new accumul atin g m ycelia was not inhjbited by the presence of lymphokine.
In order to test th e possibili ty that th e addition of ferric iron t o lymphokine a brogated its activity, the day 2 P HA-P and day 6 t richophy tin superna ta nts were supplemented with iron a nd reassayed for growth inhibi tory activity aga inst mouse L-929 fibrobl asts. Th e da ta from this experiment a re presented in Table III and indi cate t hat the addition of 1.0 ,ug/ml of ferric iron whi ch is s ufficien t to saturate the il'on binding capacity of th e contained tra nsferrin did no t destroy Iymphokine mediated growth inrubitory activity for mouse L-929 fibroblasts.
Lymphokine with and with out th e il'on s uppl ement wer e n ext tested for t heir capacity to inhibi t the growth of T . m entagro· phy tes. Table IV d e monstt:at~s that iron unsuppl emented l y~ phokine s uperna tan ts as dJd fresh serum suppl emented medJ a, did not allow fun gal growt h beyond germin ation which is indio c ated by th e minimal fungal incorpora tion of I'IC « 300 cpm).
In contrast s uppl ementation with ferric iron permitted profu se funga l growth which is consistent wi t h th e negation of t ransfer · rin m edia ted fungal inhibitory activi ty by iron saturation.
S upernaLant.
co ll ected at t ime (days) 1/ 4 2 6 fun ga l growt h (C PM "'C) I, " AU s upern a ta nts were adjus ted to conta in 1. 63 m g/m l of glu cose. 2 00/-11 of t he indica ted supern ata nt was placed in to we ll s of a microtite r plate, s uppl e mented wi th O.lllCi of '''C(Il ) glu cose, 1.0 Ilg of ferric ir o n a nd inocu lated wi th 1 X 10" s pores of T. menlagrophy les . b Each va lu e is th e mea n of 4 replicat.e cul t ures plus or minus t.he standm'd devia ti on. N D mea ns not dete rmined.
TA B L E III. The effeci of ferric iron on the aclivily of lymphohine 10 inhibil Ih e g rowth of mOllse L ·929 fibrobla slS " Lymphokine activity is re ported as the perce nt growt h inhi bit ion b ased on grow th in fr esh medi a. Eac h va lue is the mea n of 3 replica te assays each of which vari ed no more th a n 5% from t he mea n. " All supe rn ata n ts we re adjusted Lo co nla in 1.63 m g/ ml of glu cose. Th ese data indicate th at Iy m p hoki ne capable of inhibiting t he gr owth of mouse L·929 fi brob lasts does not inhibi t th e growth of th e fil amen to us fungus T . mentagrophytes.
DISCUSSION
Lymphokine was prepa red by stimulating lymphocytes with P HA -P a nd the fun gal a n tigen trichop hy tin . T his Iy mp hokine al t hough not purified or concentrated, had potent ma mmalia n cell growt h inhibi tory activity when assayed against mouse L-929 fibroblasts (Figure) .
Lymphokine co ntaining su pernatants a nd fresh tissue cu lture medium supplemented with serum inhibited t he growth of T. m entagroplzy tes (T a ble I V). T his inhi bition of fu ngal growth was negated by the addit ion of fe rric iron wh ich, however, did not diminish th e lymphoki ne activity fo r mouse L·929 fibroblasts (Ta ble III). S ince both the ly mphokine con taining super· natants a nd the freshl y prepared serum suppl emen ted mediu m inhibi ts fungal gr owth , t he activity is most likely accoun ted fo r by the presence of iron unsaturated tra nsferrin fr om th e seru m supplement. N either il'on saturated nonly mphokine co ntaining control or Iymphokine conta in ing supernat.a nts inhibi ted fu ngal gr owth indi ca ting that Iy mph okin e active agains t L-929 fibroblasts does not inhibit t he gr owt h of the fila mentous fu ngus T. m entagrophytes (Ta ble II) .
. Th ese findin gs differ from th ose of Pearsall , S undsmo, and Weiser [6] who repor ted that s upernatants fro m cul tures of allogenic mouse spleen cells stimulated with P H A-P for 2 days inhibits the gr owth of th e yeast.s S. cerevisiae a nd C. albicans. This appar ent discrepa ncy may be ex pla in ed in several ways.
FiJ'st, th eil' supernatants and ours conta ined transferrin fro m a JO% serum suppl ement . U nlike Ours the iron binding capacity of the transferrin in theil' supernatants was not saturated . T hat unsa turated transferrin can exer t a pot.e nt fun gal growth inhib· itory effect agains t T . m en.tagrophy tes and to a lesser exte nt C. a.lbican s by the deprivation of iron has been reported [12, 13] . This leads to the in ter esting possibili ty t hat a fungal growth inhibi tory factor t hat is a n iron ch elator similar to transferrin or lactoferrin is secr eted by activated lymph ocytes. A chelator released fr om activated lymphocytes could account fo r the difference in acti vity of the control compa red to Iy mp hoki ne supernatant in t he stud y of Pearsall , S undsmo, and We iser [6] . Consistent wit h this idea is th e repor t t hat human ly m ph ocytes can synthesize tr ansferrin (1 4 ]. Whether lymp hocyte p roduce and excrete tra nsferrin capa bl e of inhi biting fun gal growth is not known.
Second, Iymphokine may inhibi t t he growth of yeasts but not fil a men to us fun gi du e to th e biochemi cal a nd structura l di ffe rences between yeasts a nd fil a mento us fungi.
Although t he present stud y does not provide support for th e a ntimycotic activity of ly mphokine, a dd itiona l stud ies in which Iymph okine is pur ified a nd concent rated before testing for a nt imycotic activity ar e needed. That the Iymphokin e cont.ent of our supernatants is significa ntly less tha n that achi eved in vivo at th e site of a cutaneous CMI infla mmatory reaction is also possible. We have, however, inocul ated microcul tures of both P HA-P and trichophytin activated human lymp hocytes wi th the spores of T. m entagrophytes, supplemented t hese cul tures wi t h ferric iron, a nd microscopicall y monitored fun gal grow t h. U nder these condit ions the an timycotic effect of ly mphocytes or theil' nonchela tor produ cts should be maxima l. We found t ha t t here was no mi croscopi cally detectable inhi bition of fungal growth.
It is Olll' contention that ly mphocytes or t heil' prod ucts (lymphokin e) other tha n chela to rs do not act d irectly on the fungus bu t may act indirectly aga inst so me host component, possibly epidermal cells, during a dermatophyte in fection [1] . T he inhi · bition of L-929 fibroblast growth by tri chophytin elicited Iym · phokine is consistent wi t h t his t heory as is t he report of in · creased epidermal proliferation at the site of a cuta neous delayed hypersensitivity reaction elicited by fun ga l antigen [1 5 ].
